This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. ABSTRACT Salt stress is by far the leading environmental stress limiting crop yields worldwide. Genetic engineering techniques hold great promise for developing crop cultivars with high tolerance to salt stress. In this study, the Brassica rapa var. SUN-3061 BrOAT1 gene was transferred into tomato through Agrobacterium-mediated leaf disc transformation. The transgenic status and transgene expression of the transgenic plants was confirmed by polymerase chain reaction (PCR) analysis and semi-quantitative one step RT-PCR analysis. Subsequently, the growth status of transgenic tomato under salt stress, and its physiological responses were studied. Results showed that the transgenic plants exhibited better growth status under salt stress condition compared to the wild type plants. Also, they showed more dry matter accumulation and maintained significantly higher levels of leaf chlorophyll content even at the increasing levels of salt stress than the wild type. This study shows that BrOAT1 is a candidate gene in the engineering of crops for enhanced salt stress tolerance.
INTRODUCTION
The rapidly growing world population has made it necessary to limit the losses of crop productivity due to plant responses to environmental stress conditions, such as elevated or low temperatures, drought, salinity, poor soil nutrition, radiation, oxidative stress, and heavy metals. These abiotic factors activate an array of signaling pathways that ultimately lead to plant adaptation to stress, either through post-transcriptional or post-translational regulation (Mazzucotelli et al. 2008) . Alternative splicing, degradation or accumulation of stress-related transcripts define the plant response to stresses at the mRNA level, whereas protein phosphorylation and dephosphorylation, ubiquitination, and sumoylation are some of the adaptive responses at the protein level (Mazzucotelli et al. 2008) . To develop plant cultivars inherently resistant to abiotic stress would help to protect crop production. However, progress in genetic improvement of crops for abiotic-limiting environments is slow and more limited (Evenson and Gollin 2003) , due to the lack of knowledge about the physiological processes limiting growth under abiotic stress conditions, poor understanding of abiotic stress tolerance mechanism, and lack of efficient techniques for screening breeding materials for abiotic stress tolerance (Khush 2001) . The physiological role of δ-OAT is still not well understood in plants. Although some evidences have associated this enzyme with proline accumulation observed during salt or hydric stress, contradictory data exist about its contribution to this route. Increased δ-OAT activity in NaCl-treated radish (Raphanus sativus) cotyledons (Hervieu et al. 1995) and gene expression in young Arabidopsis plantlets exposed to 200 mM NaCl (Roosens et al. 1998 ) support a contribution of δ -OAT activity to proline synthesis under salt stress. However, although free proline level increased under salt-stress conditions in 4-week-old Arabidopsis plants, the δ-OAT activity was unchanged and δ-OAT mRNA was not detectable (Roosens et al. 1998) . Furthermore, it has been reported that levels of mRNA corresponding to δ-OAT decreased in response to salt stress in V. aconitifolia plants, whereas the transcript levels were elevated in plants supplied with excess of nitrogen (Delauney et al. 1993) . In this paper, we report the isolation and molecular characterization of BrOAT1 gene encoding δ-OAT from Chinese cabbage and introduced the BrOAT1 into tomato through Agrobacterium tumefaciens-mediated transformation. The growth and physiological responses of transgenic plants under salt stress were also investigated.
MATERIALS AND METHODS

Plant material and growth conditions
Brassica rapa seeds ('SUN-3061' ecotype) were sown in vitro on solid MS medium and grown in a culture room (24 ± 1°C, 16-h light/8-h dark cycle). Young (12-d-old) or older (4-week-old) plants were transferred to liquid MS medium 24 h before the induction of salt stress. Salt-stress treatment was consisted of replacing the MS solution with the same solution containing 200 mM NaCl for 6, 24 and 72 h.
Isolation of full-length cDNA of BrOAT1
The BrOAT1 fragment was identified from the dbEST division of GenBank using the blast program with the specific by comparing the δ-OAT amino acid sequences. The full-length cDNA was isolated using RACE technology with the SMART RACE-PCR kit (Clontech, Palo Alto, CA, USA).
Epifluorescence analysis
GFP fusion was constructed as described (Yap et al. 2005) . The entire coding region of BrOAT1 was amplified by PCR. The attB-PCR products were cloned into pGWB6 (35S::sGFP::NOS) vector to fuse to green fluorescence (GFP) using the GATEWAY cloning system (Invitrogen, Carlsbad, CA, USA). As the control, a plasmid expressing only GFP was used. The plasmid (35S::BrOAT1::sGFP ::NOS) was introduced into onion epidermis cell by biolistic bombardment, and observed for localization of GFP with a confocal microscope.
RNA isolation and real-time PCR
Total RNA from leaf tissue was extracted using Trizol reagent (Invitrogen, San Diego, CA, USA) according to the manufacturer's protocol. The specific primers for expression analysis of BrOAT1 were: BrOATF1 5'-ATGGCAGCA-GCCACGAGACGA-3' and BrOATR1 5'-CGTGAAC-TTAGAGAGTGAGCTTCTGCAC-3'. Real-time PCR was performed using a Bio-Rad I Cycler IQ5 (Bio-Rad, Seoul, Korea) as previously described (Ali-Benali et al. 2005) , using RT pre-mix (TOYOBO Co., Osaka, Japan). The threshold cycle (Ct) values of PCR reactions from three independent biological replicates were averaged, and the relative quantification of expression levels was performed using the comparative Ct method for all experiments (Livak & Schmittgen 2001) . First-strand cDNA was generated using Superscript III Reverse Transcriptase according to manufacturer's instructions (Invitrogen). The cDNA (50 ng) was used as template for amplification of BrOAT1 using primer pairs 5'-ATGGCAGCAGCCACG-AGACGA-3' and 5'-ACTCGCTAACCGCAAAGTACT-TCAT-3'. The PCR amplification program consisted of an initial step at 94°C for 5 min followed by 30 cycles of 94°C for 1 min, 58°C for 1 min, 72°C for 2 min, and a final step at 72°C for 10 min.
Construction of plant transformation vector
The 1,431 bp open reading frame (ORF) of the BrOAT1 cDNA was amplified by polymerase chain reaction (PCR) using the forward primer BrOATF2 carrying BglII restriction site (5'-GAAGATCTAAATGGCAGCAGCCACGAGACGA -3') and the reverse primer BrOATR2 carrying SacI restriction site (5'-CGAGCTCCCCTCAAGCATAGAG-GCTTCTTC-3'). The amplified product was purified and cloned into the pMD-18T vector (Takara, Korea), and digested with BamHI and SacI. Subsequently the resulting fragment was inserted into the BamHI and SacI-predigested modified expression vector pCAMBIA2300. The
